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SOME IONOSPHERIC PROPERTIES AT 1000 KILOMETERS
ALTITUDE WITHIN THE AURORAL OVAL
P. L. Dyson* and A. J. Zmuda
ABSTRACT
Explorer 22 electrostatic probe measurements of electron density (N e ) and
temperature (Te ) show that at 1000 km altitude the ionosphere within and near
the auroral oval is characterized by relatively large latitudinal variations in
both Ne and Te. Electron density enhancements occur which vary from the
order of ten kilometers to several hundred kilometers in horizontal extent.
They vary in magnitude from increases of 10% upwards and the N e
 enhance-
ments are larger at night. Smaller scale variations (,1 km) also occur in N..
The degree of correlation between Te
 and Ne
 varies because of the dynamic
nature of the phenomena occurring in the oval region. Simultaneous measur-
ments of local magnetic field fluctuations in the oval show that often the iono-
sp:here is most irregular in the region where the magnetic disturbances occur.
It is likely that the magnetic disturbances are the result of field aligned cur-
rents but the direct ionospheric effects of such currents are too small to cause
the changes observed in N. and T e . Often the maximum values of T e
 in the oval
appear too high to result from energetic auroral bombardment alone and it is
likely that either low energy electrons (ti5 ev) constitute a significant heat
source at 1000 km in the auroral oval or that there is a heat source in the outer
magnetosphere and that the high temperatures result from thermal conduction.
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FSOME IONOSPHERIC PROPERTIES AT 1000 KILOMETERS
ALTITUDE WITHIN THE AURORAL OVAL
1. INTRODUCTION
A narrow, closed, high-latitude region exists where large geophysical dis-
turbances occur at all longitudes along what is called the auroral oval [Akasofu,
19661 because of its oval shape (centered roughly at the dipole pole) and its as-
sociation with the spatial distribution of visible aurora [Feldstein, 1963, 1966;
Akasofu and Chapman, 1963; Piddington, 1965; Akasofu, 19661. The auroral oval
also marks the magnetic shells near or coincident with those containing the fol-
lowing phenomena which are often treated hi terms of a diurnal variation: the
polar electroject [Akasofu et al., 1965; Feldstein, 19661; the outer boundary of
trapped electrons [O'Brien, 1963; McDiarmid and Burrows, 1964; Frank et al.,
1964; Williams and Palmer, 1.965; Williams and Mead, 19651; the maximum
electron precipitation [O'Brien, 1962; McDiarmid and Burrows, 1964; Frank et
al., 19641; the region with the radio aurora, also shown to match that of the visible
aurora [Bates, 1966; Bates et al,..,. 1966] ; and large, transverse magnetic dis-
turbances at 1100-km altitude [ Zmuda et al., 1966, 1967; Heuring et al., 19681
which Cummings and Dessler [1967] relate to field-aligned currents. Theoreti-
cal models potentially applicable to the currents and fields in the oval have been
reviewed by Bostr6m [1967] , Schield [1968] and Schield et al., [1969] .
Recent studies of the topside ionosphere in the auroral and polar regions 	 t
f
show that a number of maxima and minima occur in the latitudinal variation of
1
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electron density. The most prominent and widely studied of the maxima is the
"polar peak" which is several hundred kilometers wide, occurs on the dayside
and is most pronounced near magnetic noon (Thomas et al., 1966; Nishida, 1967;
Donley, 1968). Large latitudinal variations in the ion density have also been ob-
served in the polar region near 1000 km altitude (Taylor et al., 1968). Electron
density fluctuations with smaller horizontal scales (1 to 10 km) also occur in the
topside auroral ionosphere (Calvert and Van Zandt, 1966; Lund et al., 1967).
The density in these irregularities varies from the ambient by up to a factor of
5 and Lund et al. (1967) found that irregularities with large amplitudes were
associated with auroral precipitation.
The Explorer 22 satellite (1.964, 64A) which was launched into a nearly circu-
lar orbit at 1000 km with an inclination of 80 1 , offers an opportunity to study the
auroral ionosphere as it contains an electrostatic probe experiment for measur-
ing density (Ne ) and temperature (T e ) and a Schonstedt fluxgate magnetometer to
detect the variations marking the auroral oval field lines. In this paper we pre-
sent the results of simultaneous observations made by these experiments at high
i
latitudes and in the auroral oval. The observations were made between April 26
and August 30, 1967 at the Applied Physic Laboratory ' s tracking station in
Maryland.
2. THE EXPERIMENTS
Explorer 22 is magnetically stabilized and contains two electrostatic probes
mounted so that one probe is parallel to the magnetic field and the other is anti-
parallel. Details of the probe experiment have been given elsewhere by Brace
2
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iand Reddy (1965a, b) and Brace et al. (1967 0
 1968) who also discussed: properties
of the low and mid-latitude ionosphere at 1000 km; but those aspects important
to this study will be repeated here. The data presented were obtained when the
probe experiment was operated in a "continuous mode" (Findlay et al., 1969) which
enables the N e and T e structure to be studied, in more detail than when the
normal operating mode is used.
A 2 Hz sawtooth voltage is applied first to one probe and then to the other,
alternating every 2.6 seconds and the resulting probe currents are telemetered
to the ground. The voltage is swept from -3 to +5 volts with respect to the
satellite. Typical volt-ampere characteristics are shown in Figure 1. T e and
N e are determined from the electron retardation and saturation regions respec-
tively (Mott-Smith and Langmuir, 1926; Spencer et al., 1965). The current de-
tector has two ranges which are alternated every 5.5 seconds. T e
 can generally
be measured on both current ranges although the values determined from the low
current range are more accurate because the resolution in the retardation region
of the volt-ampere curve is better. For the low current range the absolute ac-
curacy is believed to be better than 10% and the relative accuracy 5%. In the
high current range, accuracy decreases by less than a factor of two. Generally
N e can only be calculated from the high-current range but this data can be sup-
plemented by using the ion current data. The stationary probe theory is not
	
I
velocity. IIowever the ion current (i z ) remains proportional to the ion density
(Brace et al., 1965). The relative accuracy of the N e measurements is about
5% and the absolute accuracy about 20%. The relative accuracy of the ion cur-
e
rent is better than 5% for the i yore sensitive current range.
Since one volt-ampere curve is obtained in 0.5 seconds and the satellite
velocity is about 7 km/sec, values of T e and N e are obtained at approximately
4 km intervals along the satellite path. The measurements are interrupted at
regular intervals by in-flight calibrations of the experiment. Thus variations
in T  and N e
 with horizontal scales of the order of 10 km and larger can be
readily detected. At middle and high latitudes the probes are not seriously
waked except when they pass brhind a solar paddle and these effects are easily
recogniz,. I and distinguished from ionospheric variations. If N e irregularities
of 10% or more with horizontal scales of about 1 km or less are present these
can also be detected as they will cause distortions in individual volt-ampere
characteristics (.Brace and Reddy, 1965b; Dyson, 1969).
The magnetometer is oriented so that it detects magnetic field variations
in the plane perpendicular to the field direction. Further description of this
instrument is given by Zmuda et al. (1966, 1967).
4_
{
	
®Ni	 s
_ -
	
, -
	 .	 -	 •_ ...ter-.. f'"'
Y;
.	 1
G
F.
E{r
!r
f
i
It
3. PRESENTATION AND DISCUSSION OF RESULTS
The Data:
The data presented here were received at the tracking station in Maryland
operated by the Applied Physics Laboratory (APL) of Johns Hopkins University.
Data were obtained from within the region bounded by 30°N and 80 ON contours
4
of invariant latitude (cos A (1/L) 1!2) and the 55 1W and 95_ °W geographic meri-
dians. Data from 63 continuous mode passes were employed in this study.
During the period under study here, the satellite potential was unusually high and
for most of the passes only tie variations in i I could be measured. Although
i I results largely from the thermal -ions in the plasma, it also has components
due to photoionization and particle fluxes and changes in i I may be due to
changes in any of these. For passes in which both i I and N e could be measured,
the variations in N e and i I along the satellite path were compared to determine
the extent to which changes in i I occurred that were not the result of variations
in the ion density. Good agreement between changes in N e and i I , and hence
negligible contributions due to photo-ionization and particle fluxes were found
particularly at low latitudes where the latitudinal gradients of ionospheric
w	 properties are relatively small. This is true also at high latitudes if variatf -ins
in i z with horizontal dimensions less than about 25 km were ignored; sample,
plots are shown in Figures 2a, 2b, and 2c. This spatial resolution, which can be
lowered to about 10 km in special cases, represents a considerable improvement
over earlier ionospheric work but unfortunately restricts detailed comparisons
5
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rwith the magnetic variations. Reasons for this limit will be discusf ed later. In
this paper we are concerned primarily with the variability of the electron density
along the satellite path and it is considered that whenever N is not directly deter-
minable then large changes in the variability can be found from iI if variations
less than 25 km in extent are ignored. The eleven passes for which N e and i i
could be measured were used to obtain an empirical linear relationship between
i t and Ne . The resulting expression is accurate to within 20 0/'0 , the error being
approximately constant throughout each pass.
Latitudinal variations in N e and Tee
Figure 2 shows N e
 measured Along the satellite path for three passes.
With respect to Figure 2a as an example, in the region up to 60 0
 invariant lati-
tude N varies slowly in a manner similar to that reported by Brace et. al.
(1967) for the same local time and season during 1965. The main difference is
the overall increase in N e
 caused by the increase in solar activity (Brace et.
al., 1968). However, above 60' the N e latitudinal gradient increases markedly
and a number of maxima and minima occur.
Although the latitudinal variation of electron density within the auror,*J oval
is often different from. one pass to the next a characteristic pattern tends to oc-
cur near the equatorward edge of the oval, particularly at nighttime. In these
cases the equatorward boundary is marked by a relatively large increase in N e
Moving towards the pole, N e first decreases and then increases following a well
6
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defined minimum in which N e is often close to or less than the value just equator-
ward of the irregular region. Further poleward, Ne fluctuates but the peaks and
valleys are not as pronounced. An example of this type of variation is shown in
Figure 2(a). Small scale irregularities of the order of a kilometer were also
observed in the oval region.
Figure 2 also shows the latitudinal variations in T e and it is apparent that
T  is most variable in the region where N e fluctuates. Magnetic disturbances
were also observed in the region of the large T e and N e variations suggesting
that the latter is related to the auroral oval. For passes occurring on mag-
netically quiet days (Kp <_ 2+) the logarithmic N e gradient.
1 dN e , km -1
N e dx
Alongthe satellite path has been measured at several latitudes and plotted as a
function of invariant latitude for night time (2000 - 2400 LT) and daytime (0900-
1300) passes, (Figure 3). At mid-latitudes the gradient is generally less during
the day than at night a result which agrees with that of Brace et al. (1968). At
high latitudes the gradient is much more variable and is typically a factor of 10
greater than at mini--latitudes. There is also a diurnal variation at high latitudes
in that during the daytime the maximum gradients occur at latitudes higher than
'those for the nighttime. The daytime and nighttime locations of the auroral oval
are also marked in Figure 3, there representing the composite derived from the
7
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magnetic disturbances for the individual passes. It is evident that the maximum
gradients occur either in or equatorwards of the oval. At night the region of
large N,, gradients occurs poleward of the minimum of the electron density trough
reported by Muldrew (1965) and others. The data reported here were obtained dur-
ing local summer where the trough is not very pronounced (Nishida, 1967) and
some nighttime passes showed very little evidence of a trough at all.
In most cases when an irregular region was observed in the ionosphere the
satellite was still in this region as it passed below the poleward horizon of the
tracking station. There were several nighttime cases, however, in which a
poleward boundary of the irregular ionosphere was observed. Poleward of this
boundary the electron density gradients generally decreased.
A more complete picture of the diurnal behaviour of the position of the
irregular ionosphere is given in figure 4 which shows the average location of
the equatorward boundary of the irregular ionosphere as a function of local,
time for different values of Kp. Similar plots are also shown for the equator-
I
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ward boundary of the transverse magnetic disturbances.
For the quiet period, the invariant latitude of the magnetic disturbance
boundary is between 74° and 77 1
 in the period 1000 - 1300 LT and about 680
around local midnight. As the magnetic activity increases, the disturbances
move equatorward. These characteristics are similar to those observed with
satellite 1963 38C (Zmuda et al.., 1966, 1967; Heuring et al., 1968). The be-
haviour of the irk ^gular ionosphere with both local time and Kp its very similar
R
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Gto that of the magnetic disturbances except that the irregularities begin
equatorward of the magnetic disturbances. Ionospheric irregularities always
appeared in the region containing the magnetic disturbances so that they also
are a feature of the auroral oval.
The difference in the locations of the equatorward boundary of the irregular
ionosphere and the magnetic disturbance region could be due to instrumental
effects because the threshold level of the magnetometer is — 30 y and it measures
only one component of the disturbance in the plane transverse to the field direc-
tion. Another fa..-tor is that since the auroral oval position varies with time, the
ionospheric irregularity ogside the instantaneous oval position may be the
residue of an irregularity produced at an earlier time by the oval phenomena.
Sinificant variations in the magnetic disturbance amplitude occur over distances
smaller than the resolution of the N e measurements so that detailed comparisons
between the magnetometer and N e variations are not possible. Comparisons on
a gross scale indicate that in over 50% of the passesin which magnetic dis-
turbances were observed, the ionosphere was most irregular in the magnetic
disturbance, or A B, region (Table 1). The magnitudes of the irregular features
apparently do not depend on whether or not they occur in the magnetic disturbance
region (Table 2). However, this result may also be at least partly due to the
limitations in the magnetometer sensitivity and the dynaryxic nature of the distur-
bance. Further evidence of the relation between these auroral phenomenon was
obtained with the same experiment by Findlay et al. (1968) who found that during
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the large mag aetic storm of May 26, 1967, visual aurora were observed in the
same regions in which the ionosphere was irregular and in which transverse mag-
netic disturbances occurred.
Figure 5 consists of histograms showing the ratio of the maximum and mini-
mum values of electron density (N 
max
and
 Nmin respectively) in the oval region
and the poleward density (NP ) to the equatorwards (N eg ) of the oval. It is evident
that the maximum values in the oval are typically 20% higher than the equatorward
values while the minimum values are about the same as those equatorward of the t
oval. PolewFi.rd of the oval the density is less than the maximum oval value but
may be greatar than or less than both the oval minimum value and the values
equatorward. Figure 6 shows the magnitude and horizontal extent of the electron
density enhancements which exceed 0.5° in latitudinal width. Here the magnitude
,I
of the enhancement is defined as
N -Nmax	 min x 100N
min
At night (solar zenith angle X > 100 0 ) most of the enhancements were more
than 20% in magnitude and were larger than those of -the daytime ( X
	800 ) which
were nearly all less than 301/o in magnitude. There is no significant diurnal change
	
	 jji
in the horizontal extent of the peaks.
T e could be measured during only a small number of passes which are listed
in Table 3. The maximum and minimum T e values in the irregular ionosphere,
n
the value of T e outside this region and the latitudinal T gradients are tabulated.
x
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T e equatorwards of the irregular ionosphere could not always be measured so
that in some cases the background Te value was measured on the poleward side.
It is evident that T e behaves similarly to N e in that higher values occur in the
irregular region and the latitudinal gradients are also lay ger.
To summarize, the irregular ionosphere is a region characterized by steep
gradien'-s in N  and T e and a number of maxima and minima with peak values
generally higher than in the ionosphere immediately equatorwards and polewards.
Fluxes
It was pointed out earlier that the variations in i i and N e are not always in
agreement over distances of 25 km or less. In some of these cases a change inii
occurs when there is no change in N e , as at 0401:32 UT in the data shown in
Figure 7. These changes have been attributed to fluxes of particles of sufficiently
large energy that their collection is unaffected by the voltage applied to the probe,
-3 to +5 volts. By making certain assumptions it is possible to estimate the mag-
nitude of the fluxes (see Appendix): The i I -change shown in this figure is con-
sistent with effects due to either a proton flux of —1010 particles/cm2
 sec ster or
an electron flux of — 5 x,10 10 particles/cm 2
 sec ster in the energy range 0.1-1.8
kev with both flux values being reasonable for auroral particles. The flux either
persisted for about two seconds or had a north-south extent of about 10 kilometers.
Particle counter measurements indicate that the proton flux above 10 kev is`
^101 particles/cm2 sec stet but it is likely that the flux below 10 kev may exceed
1:
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that above by a factor of 100 (Eather, 1967). Hence low energy proton fluxes
could be responsible for the observations although as yet there are no particle
detector observations of such intense proton fluxes with either such small
latitudinal dimensions or short time durations.
In the case of electron fluxes, intensities of — 1010 electrons/cm2
 sec ster at
energies below 2 kev are known to occur in auroral arcs (Belon, Romick and
Rees, 1966) and this value is in agreement with the value calculated here. Visual
auroral forms often have north-south dimensions as small as a kilometer (Chamber-
lain, 1961) so it seems most likely that the flux observed consisted of electrons.
For most of the examples of i i increases of small horizontal extent (< 50 km
along the satellite path), it was not possible to determine whether they resulted
from fluxes or were irregularities in the ambient ionization because simultaneous
N e measurements were not obtained. The occurrence of these small scale in-
creases in i I was greater during magnetically disturbed conditions.
Comparison of Results with Other Experimental Observations
The results presented in the previous section indicate that N e and T e are
quite variable at 1000 km within the auroral oval. Other studies of the topside
ionosphere have also shown that peaks occur in the electron density in the auroral
region (Thomas et al., 1966; Nishida, 1967; Donley, 1968). These studies were
mainly concerned with the most pronounced peak, called the polar peak, which
occurs during midday and early afternoon, and extends over a_latitudinal region
much wider than the auroral oval.
{{12	
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From a study of Alouette I data, Nishida (1967) found that N e peaks exist in
the auroral oval at night a finding with which we agree; however we also find that
the auroral-oval peaks occur on the dayside but that the nightstide peaks are
more pronounced. Andrews and Thomas (1969), also using Alouette I data found
N e
 peaks and depletions in the oval during winter but not during summer. In
contrast our data were obtained in summer and show N e peaks but they are
smaller than those observed by Andrews and Thomas. These differences probably
results from the fact that the latitudinal resolution of the electrostatic probe data
is significantly greater than that of the topside sounder.
Nishida also found that the nighttime peaks were greatly enhanced during
magnetic storms. In this study we find no significant change with magnetic ac-
tivity. This may arise from the different definitions used for the peak magni-
tude. Nishida's definition involves the change in N e from its value during mag-
netically quiet conditions whereas ours involves the variation along the satellite
orbit. Observations by the fixed frequency topside sounder satellite, Explorer 20,
indicated logarithmic gradients greater than 60% km-1
 within the auroral zone
(Calvert, 1966). These gradients are much larger than those reported here which
in most cases were about 0.2% per km. However, such large gradients were not
always observed by Explorer 20 and we have considered gradients which extend
over tens of kilometers ,
 along the satellite path, whereas the large gradient reported
by Calvert extended over less than a kilometer. Gradients as large and larger
13
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than those reported by Calvert were observed by the Explorer 22 experiment
during an aurora (Findlay et. al., 1969).
4. INTERPRETATION
The properties of the ionosphere at 1000 km altitude result not only from
local processes but also from those occurring at other altitudes. Some under-
standing of the latitudinal variations of N e and T. at low and middle latitudes
has been gained by Mayr et al. (1967, 1968) in terms of the conservation of
energy and density along the closed geomagnetic field lines. At auroral lati-
tudes the situation is rather different from that at lower latitudes as field lines
may be open and there are additional processes affecting the ionosphere.
Effects of Precipitating Particles
One of the major additional processes affecting the ionosphere in the auroral
oval is the ionization produced by precipitating particles. Hartz and Brice (1967)
have shown that there are two zones of precipitating particles. In one of these
zones relatively soft electron fluxes precipitate (with energies of the order of a
few kev) but the precipitation is very intense, spatially limited, and shows rapid
and deep fluctuations. In the other zone the flux is relatively hard (energies of
at least 40 kev) and the particle influx is steady and widespread. These zones
overlap at night but in daytime the soft electron zone is poleward of the harder
precipitation zone. The soft electron zone as derived by Hartz and Brice is
coincident with the auroral oval.
The precipitating soft particles lose their energy primarily by ionization of
the atmosphere gases. Large numbers of secondary electrons are produced
which also produce ionization and heat the electron gas. Most of the ionization
is produced at around 150 km or below, and N e in the F 2 region and alcove increases
as a result of upward diffusion along field lines. When the energy of the secondary
electrons has decayed to about 5 ev they become effective in heating the electron
gas, increasing its temperature. The thermal electrons lose energy to the posi-
tive ions particularly in the upper F region raising the temperature of the ions as
well. These increases in the temperature of the plasma increase the scale height
and therefore the concentration throughout the topside ionosphere. At 1000 km
the increase in T e and N e increase the heat losses due to heat conduction and
local cooling. Lower in the ionosphere the increase in N e increases the re-
combination rate as does the increase in T e (Thomas and Norton, 1966). If the
precipitating flux persists long enough for a steady state to be reached, Te and
N e increase above their initial values.
However during the dynamic phases, before a steady state is reached and
after the flux ceases,, Ne and T e are not necessarily correlated. Hence, although
the effect of a precipitating flux is to increase T e and N e along a field line, as
the satellite passes through the auroral region and crosses field lines along which
fluxes of different intensities and duration occur it may not observe a perfect
a
positive correlation between T e oud Ne.
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Maxima and minima in N e and T e could therefore be produced by latitudinal
variations in the precipitating flux. However the, minimum values of N e within
the oval are sometimes appreciably smaller than the values just equatorward of
the oval (Figure 4) indicating t'?at sometimes there are additional loss processes
in the oval region. The increased loss probably results from upward diffusion
of ionization due to either evaporation along open field lines (Dessler and
Michel, 1966) or the polar wind (Banks and Holzer, 1968). As shownby Block and
Falthammar (1968) ionization fluxes can reduce significantly the electron density
at 1000 km.
Effect of Field-Aligned Currents
The transverse magnetic disturbances occurring in the oval region have been
interpreted by Cummings and Dessler (1967) to be caused by currents of —10_6
amp/m 2 flowing parallel to the magnetic field direction. Kendall and (Pickering
(1967) have shown that these currents are too small to affect the electron density
in the ionosphere directly. The heating effects of these currents can be estimated
in the following way. The joule heating is given by
Q J	 j 2/0-11 (1)
where j is the current density and 0-1 1 is the electrical conductivity parallel to
the field line. in the ionosphere the electron conductivity dominates and is given
r
7}
2
ca l
 I z N c e
2 /h1 e ve	 (2)
where a is the electronic charge, M, the electron mass and ve the electron
collisions frequency. In the F region and the magnetosphere electron-ion col-
lisions are more important than electron-neutral collisions so that Banks, 1966)
v e = 54 NO/Te3 /2 sec_ 1.
	 (3)
Currents of -10-6 amp m" 2 could produce the observed magnetic dis-
turbances and substituting this value in equation 1 along with o-1 I obtained from
equations 2 and 3 gives
Q J = .38
-T7)	 eV cm sec
1 000 3/2	
~1
	(4)
Below 500 km where local processes are important, T. > 1000°K so that
joule heating supplies < 0.38 eV cm-3 sec-1 . This is insignificant compared to
heating by secondary electrons which deposit about 100 eV cm 3 sec 1 in the F
region and which in auroral arc can deposit > 10 4 eV cm" 3 see — ' Rees and
Walker, 1968).
1e Within the Oval
For all but two of the passes listed in Table 3, the maximum value of T e
measured in the oval was 3500°K or greater. The largest value observed by this
1?
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experiment was 7000°K which occurred simultaneously with a visible aurora
(Findlay et al., 1969). Walker and Rees (1968) pointed out that this high tem-
perature could not have resulted at a 1000 km f o-- -, energetic auroral electron
A
precipitation which heats the ionosphere primarily at lower altitudes. Thus
there must have been another heat source on this occasion. In fact for four of 	 .
the six nighttime cases (X > 90°) listed in Table 3, the maximum value of T, was
at least 3800°K. A comparison with Walker and Rees' calculations for five stable
auroral arcs shows that this is somewhat greater than the valuew1 obtained by
extrapolating their results to 1000 km. It is possible that the electron tempera-
tures are higher because of heating by very low energy electron precipitation
("-5 ev) in the auroral oval. Another possibility is that there is a heat source in
the magnetosphere and that thermal conduction from the magnetosphere causes
the high values of T e (Cole, 1965).
Solar wind electrons have energies of — 1 ev associated with their bulk
motion and —1 ev of thermal energy (Serbu, 1968). On the dayside the
auroral-oval field lines connect to the magnetopause (Fairfield, 1968) so
that solar wind particles could be injected along these field lines. These electrons
could provide a source of heating at high altitudes for the heat conduction mechan-
ism or alternatively, depending on the accelerating mechanism operative, be the
source of a low energy component (-5 ev) of precipitating particles which directly
heats the ionosphere at 1000 km altitude. The solar wind particles could. also be
a source of ionization for the enhancements of N e occurring in the oval.
_,q
5. CONCLUSIONS
At 1000 km the ionosphere within the auroral oval is characterized by
latitudinal fluctuations in both the electron density and temperature. In this
experiment fluctuations were observed in the electron density with dimensions
varying from the order.,
 of a kilometer to several hundreds of kilometers in lati-
tudinal extent and with enhancements of 10% or greater. The amplitude of the more
extensive irregularities (peaks) was greater at night. Similar variations in the
electron temperature, with latitudinal extents greater than about 10 kilometers
were detected. The degree of correlation between the T e and N e fluctuations
varies considerably as a result of the dynamic nature of the region.
The maximum value of T e
 observed in the oval on some passes is too high
to result from energetic auroral particle precipitation suggesting that another
heat source exists. One possibility is that very low energy precipitating elec-
trons (- 5 ev) exist which heat the ionosphere at high altitudes. It is also possible
that there is a heat source in the magnetosphere and that the high temperatures
result from thermal conduction downwards along the field lines. Either of these
mechanisms could be related to solar wind particles injected into the magneto-
sphere and these particles could also be an additional source of ionization in the
oval region..
Transverse magnetic disturbances, potentially ascribable to field-aligned
currents were also observed at the satellite height within the region of fluctuating
y . and T e
 . However, the direct effect of these- currents on the electron density
and temperature are too small to account for the changes observed. Other
phenomena which may be associated with these currents (e.g. precipitating
particles or ionization fluxes) could cause the variations observed in the ionosphere.
The data also show evidence of intense particle fluxes which are probably
low energy electron precipitation events of limited latitudinal extent (tens of
kilometers or less).
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APPENDIX
Effect of Particle Fluxes on Probe Current
If the satellite passes through a region where energetic particles are pre-
cipitating, then a component appears in the probe current due to the energetic
particles which strike the probe. This component will be the sum of the currents
due to the incident particles and the secondary electrons which leave the probe.
The energy spectrum of the secondary electrons is independent of the inci-
dent energy (Schultz and Pomerantz, 1963). It peaks at 2 ev and 90% of the
secondaries have energies less than 10 ev. As the secondary electrons leave the
probe, they tend to spiral around the magnetic field lines and may return to the
probe. He ,vever in detecting the fluxes, i I was measured when the probe was
several volts negative with respect to the pla ma so that few of the secondaries
will be recollected. In addition the probe does not always point directly along
the magnetic field lines but may make an angle of up to 6' and this makes it
more difficult for a secondary to return to the probe.
The current produced in the probe by a flux of particles can. be
 calculated
and we will make the following assumptions.
1. There is a flux of F particles/cm 2
 sec. sterad. with an isotropic pitch
angle distribution between 0' and 90 1 pitch angle.
2. The particles are singly charged.
3. The probe is field-aligned.
4. No secondaries return to the probe.
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Then the current collected by a small element of area (Figure 8) is given by
where
dI = e(n ± 1) F • 27r • 27rrdl
r is the number of secondary electrons
r is the probe radius (.275 mm.)
+ incident particles are protons
- incident particles are electrons
e is the electronic charge
the total current is given by
I=4eF7r2rL(n±1)
where
k
L is the probe length (23 cm). 4
Consider first the case of an electron flux striking the probe which is made
of stainless steel. The number of secondaries emitted per incident prirn.ary
varies with the energy of the primaries and Table 4 lists for both Fe and Ni	 it
(stainless steel) the energy range over which the yield of secondaries is greater
	 ,k
than one. If the yield is less than one, the resultant current will be negative but 	
,t
for yields greater than one, the resultant current is positive because more elec-
trons, leave the probe than strike it. Table 4 also shows the maximum yield,	 x;
rg
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the energy at which it occurs and the average yield over the energy range for
which the yield is greater than one. Using the value of the average ,yield for Ni
we find that an average flux of — 5 x 10 10 particles/cm 2 sec- 1 ster. in the
energy range .15-1.75 kev would be needed to produce the change in ii shown in
Figure 7. Significant fluxes at other energies where the yield of secondaries is
less than one would -educe the total current produced by the flux.
In the case of a proton flux the resultant probe current is always posiive
because both protons striking the probe and electrons leaving the probe constitute
a positive current. Few measurements appear to be available for proton bom-
bardment of metals but for some metals the yield of secondaries may be as high
as 5 depending on the energy range (Hill et al., 1939). In the case of a proton
flux, the change in i I in Figure 7 could result from a flux of — 2 x 10 10 particles Cm-2
sec- 1 ster 1 if it is assumed that no secondaries are produced, or from a flux
of '3 x 10 9
 particles cm- 2
 sec - 1 ster - 1
 if it is assumed that 5 secondary elec-
trons are produced for each primary. Therefore, within these uncertainties
particle fluxes can be derived from probe data. However, in the case of the
Explorer 22 probe experiment, any large scale study of fluxes using tbis method
would be very difficult because N e is not measured continuously.
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Range of ionospheric quantity
In cases where a ^sBIonospheric
quantity region was observed In cases where no
AB was observed
in AB region outside AB region
(Ne )max
(electrons/cm 3) (2.1-4.0)•10 4 (2.3-3.8).104 (2.5-4.0)•104
(Ndmin
(electrons/cm 3) (1.9-3.2) • 10 4 (1.9-3.5) .10 4 (2.0-3.6).104
1/Ne (dNe /dX)max
(per km) (0.5-10)•10-3 (0.9-9).10-3 (0.1-10).10-3
Table 1
Number of cases in which (Ne )m a x $ (N e)m i n , and the maximum
logarithmic Ne
 gradient occur inside and outside of magnetic
disturbance region.
(N e )	 ax	 (Ne)min ) in	 (1/Ne) (dNe /dx)max
_^
Number in
M region
	
20	 15	 17
Number outside
LB region	 9	 14	 12
Table 2
Summary of the values of ( Ne )max ' (N e ) min I and the maximum of the
logarithmic N e gradient
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Summary of secondary electron data for bombardment
of nickel and ion by electrons
Ave. yield
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over energy
Metal which yield is greater of which yield is
range in
than 1 secondaries max.
column 2
Ni 0.15-1.75 1.35 0.55 1.20
Fe 0.12-1.40 1.3 (0.40) 1.16
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The magnetic variations are also shown.
i
z 2.50
a^ 2.0
Z _j U
w
1.5^
0
^-^ 1.0
>-
= I 2.0¢w
m 1.5
a
1.0
4000
Y
0
^- 3000
2000
U) 100
a
M^y w^
W
a
0
Q
C^
-100
I
c	 f
(c)
MAY 3
0400 UT
2330 LT
50 0	600	 700	 80
IAI\/ADIAAIT I ATITIMC /0AI1
i
d
-v
v
c
v
0
c
W
W co^
u
cWD ""
v
L
v0
J I
Q !v
Z ^a
-o
c
0N
O
r^
d
►
.
Q
n4 0 10
o	 n
h ^
(^J
a^
a^
s
a
o c
m o
v c
oL ._
a^	 o
o
lQ _
-a o
^ o °
LtJ
*'	 43N '
o
J -v
Q v ^
v
00
N.	 7 f
C	 VI
G)
d
3 u
^
C t
l
O p} E
O
Q
^ }t
1	 0 r^
z
LO 0
L Q L 0
C\J
	
^--1	 r-1
S3Sd0 30 83giNnN
41
LO
	
o ^s
CV ''	 c
0 0
O S
x
m
•^	 IA
D	 yn
V
Q
E z	 LO
z
c
s •
P-4
0 0
V)
E c0 m
rn  ^
0
 2
^d T
0
N
	
Cl.	
.E I
	
z	 E °.z I 
,i	
= LLJ
x z
Ez
J
yr
a)
z
N " AlISN30 NOHiO313
o
aci	 o
Lf) rny O
Q d 'C3
'^ 01
C OCL
Q
0
CL
J
O
4J
H
Q
cr
0.1 w
z Iz
A5
w4
U
z3
oc 2
U
O 1
U-
O
w 30
M
20
z
10
0
DAY
X < 80°
0500-1000 LT
NIGHT
X 100
2.100-0100 LT
10%	 100%
PERCENT INCREASE IN N e
	
20	 DAY
©w 100
	 X <800
w w 0
	
20	 NIGHT
	
zo 
1p	 X> 1000
00	 1	 2	 3	 4	 5
LATITUDINAL EXTENT (degrees)
Figure 6—Plots of (a) the magnitude and (b) latitudinal extent of N. peaks.
11
0
C)
N
O
IctO
i•
{
t
i
i
ti
l
^rt
4
F--
N
N O
^ M
W M•	 N
Q M
d. Q
tJ
0
C
Ict
C)
G
n_O
t--1
0
-v
-v
o^
N
— o
-c
u
^--H .-
Oo v
c ^
'^ o
rn ^
0 m
v ^
rn vc ..c
'3 0
o d
c N
v
^ u
c ^
O p
v sa F-
v
E0 0
.: u
v ^
"C d.
y U
o ►-a^
O 0
uo
^ x
a ^.
v
Ta^	 a
LM
Cd
SATELLITE
Figure Al—Schematic diagram of the electrostatic probe.
PROBE
